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Abstract  
 
 
Nowadays new construction on weak soils has become inevitable owing to the 
growing worldwide scarcity of land. The weak soil deposits are commonly 
characterized by low strength and high compressibility. Soil improvement 
techniques require evolution in order to ensure effective and efficient improvement, 
and at the same time possess sustainable and environment friendly characteristics. 
The main objective of this study is to provide an overview of the factors affecting 
the calcite precipitation in soil. Several factors were identified including 
temperature, reagents concentration, pH, and injection method. These factors were 
found to be essential for promoting successful precipitation   . Furthermore, a 
preliminary laboratory test was carried out to investigate the potential application of 
the technique in improving the shear strength and impermeability of a residual soil 
specimen.  
The results showed that  both shear strength and impermeability of residual soil 
improved significantly upon CaCO3 precipitation through soil specimen . The 
improvement increased with increasing soil density. 
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 الخلاصة
 
أصبح البناء الجدٌد على التربة الضعٌفة أمرا لا مفر منه بسبب ندرة الأراضً فً العالم. وتتمٌز التربة الضعٌفة عادة 
تتطلب تقنٌات تحسٌن التربة تطورا من أجل ضمان تحسٌن فعال ، وفً الوقت نفسه  . ًبالقوة المنخفضة والضغط العال
الهدف الرئٌسً من هذه الدراسة هو تقدٌم لمحة عامة عن العوامل التً تؤثر  .تمتلك خصائص مستدامة وصدٌقة للبٌئة
. تم تحدٌد عدة عوامل منها درجة ومدى تأثٌر الترسٌب على خصائص التربة فً التربة ترسٌب الكالسٌومعلى 
الناجح.  الترسٌب، درجة الحموضة، وطرٌقة الحقن. وقد وجد أن هذه العوامل أساسٌة لتعزٌز الموادالحرارة، تركٌز 
 والنفاذٌةهذه التقنٌة فً تحسٌن قوة القص  وعلاوة على ذلك، تم إجراء اختبار مختبري أولً للتحقٌق فً إمكانٌة تطبٌق
للتربة المتبقٌة تحسنت بشكل ملحوظ من خلال النفاذٌة وأظهرت النتائج أن كل من قوة القص و  .المتبقٌة لعٌنة التربة
 .عٌنة التربة. وازداد هذا التحسن مع زٌادة كثافة التربة
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Chapter 1 
Introduction  
 
This chapter contains information about the green and sustainable soil improvement 
technique, termed as "Calcite precipitation using seawater" is being investigated . The 
technique utilizes geochemical process in soil to improve its engineering properties (i.e. 
strength, impermeability).  
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1.1 Soil solidification/ stabilization techniques and needs 
 
 
This state of the art review focuses on soil chemically solidification / stabilization  method 
which is one of the several methods of soil improvement. Soil solidification / stabilization  
aims at improving soil strength and increasing resistance to softening by water through 
bonding the soil particles together, water proofing the particles or combination of the two. 
(Sherwood, 1993) Usually, the technology provides an alternative provision structural 
solution to a practical problem. The simplest stabilization processes are compaction and 
drainage (if water drains  out of wet soil it  becomes stronger).  The  other process is by 
improving gradation of particle size and further improvement can be achieved by adding 
binders to the weak soils (Rogers and Glendinning, 1993) Soil stabilization can be 
accomplished by several methods. All these methods fall into two broad categories namely; 
i. mechanical stabilization 
Under this category, soil stabilization can be achieved through physical process  by altering 
the physical nature of native soil particles by either induced vibration or compaction or by 
incorporating other physical properties such as barriers and nailing. Mechanical 
stabilization is not the main subject of this review and will not be further discussed. 
Figure 1.0.1 Typical patterns of mechanically stabilized soils (EuroSoilStab, 2002a)  1 Typical patterns of mechanically stabil zed soils (EuroSoilStab, 20 2a) 
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ii. chemical stabilization 
Under this category, soil stabilization depends mainly on chemical reactions between 
stabilizer (cementitious material) and soil minerals (pozzolanic materials) to achieve the 
desired effect. A chemical solidification method by clean induced CaCo3 is the fundamental 
of this review and, therefore, throughout the rest of this report, the term soil solidification 
/stabilization will mean chemical solidification/ stabilization.  
Through soil solidification, unbound materials can be  solidified  with cementitious 
materials (cement, lime, fly ash, bitumen or combination of these). The solidified/ 
stabilized soil materials have a higher strength, lower permeability and lower 
compressibility than the native soil (Keller  Bronchure, 2011, 32-01E).The method can be 
achieved in two ways, namely; (1) in situ stabilization and (2) ex-situ stabilization. Note 
that, stabilization not necessary a magic wand by which every soil properties can be 
improved for better(Pousette et al., 1999; Rogers and Glendinning, 1993) The decision to 
technological usage depends on which soil properties have to be modified. The chief 
properties of soil which are of interest to engineers are volume stability,  strength,  
compressibility, permeability and  (EuroSoilStab, 2002b; Molenaar and Venmans, 1993a; 
Pousette et al., 1999; Sherwood, 1993). For a successful stabilization, a laboratory tests 
followed by field tests  may be required in order to determine  the engineering and 
environmental properties. Laboratory tests although may produce higher strength than 
corresponding material from the field,  but will help to assess  the effectiveness of 
stabilized materials in the field. Results from the laboratory tests, will enhance the 
knowledge on the choice of binders and amounts (EuroSoilStab, 2002b) . 
1.1.1  soil solidification by calcium carbonate (CaCO3) 
 
CaCO3 is one of the most abundant materials found in earth‘s crust and forms the rock 
types like limestone and chalk (Pidwirny, 2012) .Moreover, it is the most abundant 
chemical sediment in modern and most ancient oceans, making up roughly 10% of 
sediments (Maryland University, n.d.) .CaCO3can be a dominant sedimentary constituent in 
virtually any environment, at any latitude, and in any depth of water. However, it is most 
prevalent in warm, tropical, and subtropical seas where the organisms that produce 
carbonate sediments can thrive (University of Puerto Rico, n.d.). On the other hand, 
carbonates are forming extensively in many regions in the western margins of large oceans, 
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in both the southern and northern hemispheres, at seawater temperatures ranging from 
about2to40°C (A. Lees, 1975).Nearly all the CaCO3, that makes up carbonate platforms is 
derived from marine organisms. CaCO3, is also an important component in biological 
systems, such as shells of marine organisms, pearls, and egg shells (D.Beruto and M. 
Giordan, 1993). Some of these systems ,eg, Oyster shells, have enjoyed recent recognition 
as a source of dietary Ca, but are also a practical industrial source(Online Medical 
Dictionary, 2015). While not practical as an industrial source, dark green vegetables such 
as Broccoli and Kale contain dietarily significant amounts of CaCO3, (R.P. Heaney et al., 
1993).Carbonates are largely made up of skeletal remains and other biological constituents 
that include fecal pellets, lime mud (skeletal), and microbially mediated cements and lime 
muds. Chemical constituents, including coated grains such as ooids and pisoids, cements, 
and lime mud, are common in carbonates but are absent in most siliciclastics. Clastic grains 
exist in carbonates, as they do in siliciclastics. In carbonates, however, these grains are 
mainly clasts of intraformational, lithified sediment (intraclasts) or ofreworked, older rock 
(lithoclasts). Carbonates have four main components: (1) grains, (2) matrix, (3) cement, and 
(4) pores (R.L. Folk, 2002) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. 2 The light microscopic images show (A) The initial Calcite pat-like 
deposits,(B) the maturated Calcite crystals , (C) the organized piling up of the 
calcite crystals on srophanus spicules (Sr-S) ,and (D) the light interaction of three 
cells within the ti 
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There are many classification schemes for carbonate rocks, Classifications for detrital 
carbonates were developed by Folk and Dunham (R.L. Folk, 2002) A scheme to include 
depositional, diagenetic, and biological aspects of carbonates in one classification system 
was proposed by (V.P. Wright, 1992).  Fig (1.3) . 
 
 
 
 
 
 
 
 
 
 
 
 
The use of soils with poor mechanical properties frequently requires the improvement of 
their characteristics, mainly the strength and stiffness. One possible technique utilizes 
precipitated calcium carbonate (CaCO3) .(Carmona et al., 2016) . One of the most 
promising techniques to improve the characteristics of natural soils is induced calcium 
carbonate precipitation (CaCO3), (C. W Chou et al., 2011; Dejong et al., 2010) . Research 
concerning induced CaCO3, precipitation in a porous soil usually the CaCO3, precipitation 
in a porous medium have been studied and applied, such as: (i) flushing with a mixture of 
chemical solutions inducing the precipitation of calcite, due to the reaction of the solution‘s 
ingredients  (Ismail et al., 2002)  (ii) enzymatic CaCO3, precipitation, which is performed 
by mixing the soil with calcium chloride (Nemati and Voordouw, 2003; Neupane et al., 
2015, 2013; Yasuhara et al., 2012) ; (iii) microbial denitrification of calcium nitrate, using 
the calcium salts of fatty acids as an electron donor and source of carbon (Van Paassen et 
al., 2010b)  However , An important result of the past few decades of soil–geomorphic 
research is the awareness of the major role of dust and related carbonate precipitates in soil 
(Dahms and Egli, 2015)  A characteristic feature of carbonate-rich soils is that they are 
highly alkaline, with pH values between 8 and 9.5, although some highly leached sandy 
soils and gradational clay loams with calcareous lower horizons can have pH values around 
6.5 in the upper part of the profile (Hall et al., 2009)  
Figure 1. 3 Dunham's classification of carbonate rocks. 
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1.2  Problem statement 
 
A  recent  international  survey  of  soil  quality  has  revealed  widespread  nationwide  soil 
contamination  with  heavy  metals,  of  which  1.5  %  was  contaminated(CMEP, 2014) 
Phytoremediation, soil washing, and soil amendments are potential useful remediation 
approaches for  the  weak   soils (Li et al., 2015b; Mani et al., 2015; Puga et al., 2015),yet 
solidification/stabilization  (S/S)  has  received  most  attentions  due  to  the  relatively  low  
cost  and demonstrated effectiveness over many years(Li et al., 2015a; Zhang et al., 2015). 
In recent years, the potential application as CaCO3, precipitation in soil, as reactive binders 
for S/S of weak soil has attracted extensive interests (Cho et al., 2016; Tang et al., 2015). 
This remediation strategy enables  resource  efforts  and  reduces  environmental  burden  
of  waste  management,  while accomplishing metal sequestration in the weak and 
contaminated soil at a low-to-moderate cost with a low carbon footprint. 
This study represents a great motivation throughout exploring a modified approaches in 
terms of soil solidification and to improve the engineering characteristics of soil to serve 
the purposes needed , The aim of this study is to deduct  CaCO3, precipitation methods  by 
pure chemically induced and Seawater , and to determine the differences between the 
results revealed  as a distinguishing methodology between these methods  in order to take 
the results to a larger scale" field" .  
1.2.1 (Sea water ) Seek economical alternatives 
 
Sea is a massive container for all types of chemicals and materials , these materials were 
exposure to repeatedly cycles of weathering and erosion  and due to the aging some of 
these materials blended / reacted with other materials , However in this study we are giving 
a great concern on the chemicals preserved in seawater especially the CaCO3,  and its 
precipitation ,which is the dominant topic to be discussed in this study . 
Investigations afformed that the amount of CaCO3, in the seawater approximately 0.1M 
which is significantly small to produce a sufficient precipitation , But as mentioned above 
seawater is rich of all  kinds of chemicals ,bacteria , fungus , parasites , enzymes …etc , So 
that the fact is even if the content of the CaCO3, is relatively small but still the precipitation 
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can be effectively occur to the desired concept because these materials can accelerate the 
precipitation in amount regardless of the quantity of the CaCO3 . 
In this study CaCO3, precipitation through  seawater usage considered to be a good 
economical alternative  rather than precipitation using chemicals which require a huge 
budget in order to get a large amount of CaCO3, precipitated in a soil to alter its 
characteristics .  
 
1.3 Research questions  
 
The calcite precipitation is a phased complex process that requires a careful study and 
preparations to get a successful results .  
 
1.3.1 How to attain soil improvement through calcium precipitation 
 
For calcites formed in low temperature environments, the substitutions are negligible In 
calcareous soils calcite is invariably accompanied by silicates, and in humid climates is the 
most reactive common mineral there. Consequently, if calcite is present in a soil, it has the 
Figure 1. 4 Chemical divides and the genesis of alkaline soils . The diagram shows the dominant ions in the 
soil solution at each stage of precipitation 
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effect of generating an alkaline pH (usually between 7 and 8). The relevant reactions may 
be considered within the framework of the system CaO–H2O–CO2  
The system CaO–H2O–CO2 
An isobaric, isothermal cross section of this system is shown schematically in Figure 1.4. 
There are two stable two-phase assemblages and two stable three-phase assemblages. The 
two-phase assemblages are: 
a. calcite+aqueous solution (at higher partial pressures of CO2). 
b. portlandite +aqueous solution (at lower partial pressures of CO2). 
 
The three phase assemblages are: 
a. calcite +aqueous solution+CO2 
b. calcite +portlandite +aqueous solution 
c. calcite +portlandite +lime (in the absence of aqueous solution). 
Clearly, lime will not be stable in soil since the partial pressure of water is never going to 
be close enough to zero. Neither will  portlandite be stable, since the partial pressure of 
CO2 for the three-phase assemblage c, is approximately 10
13
 atmospheres (point x in Figure 
1.5). Calcite will be stable as the three phase assemblage c with point y lying between 
PCO2 values of 10
3.5
 atmospheres (the average value in the Earth‘s atmosphere) to 101.5 
atmospheres (the possible maximum in the solum –this being due to the respiration of roots, 
and the microbial breakdown of organic matter). Figure 1.5 does not give the complete 
picture since it contains no direct information on the conditions of pH under which calcite 
is stable at the surface of the Earth 
 
 
 
 
 
 
 
 
 
 
Figure 1. 5 The system CaO–H2O–CO2 at 1 atmosphere (100 kPa) total 
pressure and 25 C temperature , The positions of X and Y are schematic in the 
interests of clarity . All natural conditions in terrestrial soils will be on the CO2 
side of the Calcite-X tie line. 
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1.4 Objectives  
The main objective of this study is to provide an overview of the factors affecting the 
calcite precipitation  in soil. Several factors were identified including temperature, reagents 
concentration, pH, and injection method. These factors were found to be essential for 
promoting successful precipitation   . Furthermore, a preliminary laboratory test was carried 
out to investigate the potential application of the technique in improving the shear strength 
and impermeability of a residual soil specimen.  
 
 
 
 
1.4.1 to use industrial sources of chemicals 
 
In order to perform the CaCO3, precipitation using chemicals as the trigger reactant for the 
precipitation to occur . In this study Two substances were used as an industrial source of 
chemicals to provoke the precipitation process . these chemicals are CaCl2 , Na2CO3, and 
NaHCO3, 
The sequence of reactants directly affects the morphological structure of CaCO3, upon 
precipit
ation. 
For 
example, if  Na2CO3, solution is first introduced into the reactor and then CaCl2, solution is 
fed to this solution under standard conditions, the product consists almost entirely of 
vaterite. The increase in particle size is due to spherulitic growth mechanism of vaterite 
caused by multiple passages of the particle through the region of maximum supersaturation 
at the feed inlet (Andreassen, 2005).  For the reversed sequence case (ie, the CaCl2, solution 
is first introduced into the reactor and then Na2CO3, is fed to this solution) a larger 
percentage of calcite (c.10% is formed).  
The calcite cubes are aggregated to form larger irregular particles and are partly overgrown 
by clusters of vaterite. This may be due to the same mechanism as in the standard 
experiment (first case), with the vaterite nucleating on the calcite surface.(Morse et al., 
2003) 
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1.4.2 to use seawater as the source of chemicals  
 
Investigation on the major ions of seawater;. The ion content and their chlorinity ratios 
indicate interesting temporal and spatial fluctuations. The Mg/Ca, ratio average fluctuated 
between 3.1 and 4.6 (Nessim et al., 2015) However, Calcium, in the form of the Ca2
+ 
ion, is 
one of the major inorganic cations, or positive ions, in saltwater and freshwater. It can 
originate from the dissociation of salts, such as calcium chloride  or calcium sulfate, in 
water. (Enmar, R., et al., 2000; Millero et al., 2001; Morse et al., 2003) 
 
1.4.3 to investigate methods for enhancement of CaCo3 precipitation 
 
The effect of Ca/CO3, concentration ratio on CaCO3, particles‘ size and shape, prepared 
from CaCl2, and Na2CO3, system, was investigated (Kobeleva and Poilov, 2007; Timakov 
et al., 2003) . It was found that particles‘ shape changed from squared, spherical, to oblong 
by increasing the concentration (g/L) ratio of Ca/CO3, from 0.21 to 1.22. On the other hand, 
the average particle size changed from 3.5 to 1.8μm (Kobeleva and Poilov, 2007; Timakov 
et al., 2005). It was explained by formation of soluble complexes Ca (CO3), at excess CO3, 
anions, which lowers the supersaturation and, accordingly, the primary nucleation 
rate(Timakov et al., 2003). 
 
1.5 Research challenges   
 
In order to conduct this test a series of procedures and apparatus needed ,  and so does the 
chemicals required . 
The chemicals used are CaCl2, and NaHCO3 , but as a lack of chemical resources the 
ingredient Na2CO3, has not founded  , in this test an alternative used which is NaHCO3, and 
in order to convert it to the desired form as Na2CO3. The NaHCO3, dried in oven to a 
temperature of 300C for  24 hours . 
 1 mole of NaHCO3= 86 g 
 1 mole of CaCl2= 111 g 
 1 mole of Na2CO3= 84 g 
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One important industrial process is the Solvay process in which sodium hydrogen 
carbonate (sodium bicarbonate, NaHCO3) and sodium carbonate (soda ash, Na2CO3) are 
produced from ammonia, carbon dioxide, water, and concentrated brine solution. The 
Solvay process is significant because it uses in expensive and plentiful raw materials to 
prepare useful chemicals. 
The overall chemical reactions employed in this study  that occur in the Solvay process are 
represented by the following two equations. 
   ( )          ( )    
 
(  )  
   
→        ( )     
 
(  )
                                      ( ) 
      ( )
     
→          ( )     ( )     ( )                                                                          ( ) 
 
The carbon dioxide produced in the second reaction is recycled to generate more NaHCO3. 
The figure contains a schematic diagram of the manufacturing process. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. 6 Shows to the right a weighted 1 mole of CaCl2 
and to left 1 mole of NaHCo3 
Figure 1. 7 A schematic diagram of the manufacturing process emplyed of Na2CO3 
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Sodium hydrogen carbonate dehydrates when it is heated, forming sodium carbonate. 
 
       ( )
    
→        ( )     ( )     ( ) 
 
The CO2 can be recycled to produce more NaHCO3by the Solvay process. In recent years, 
only about 15% of NaHCO3 was produced by the Solvay process. The remainder was 
mined from large deposits of trona,Na2CO3. NaHCO3. 2H2O, which were discovered in 
1938 near the Green River in Wyoming. It is cheaper to mine Na2CO3, than to manufacture 
it. Furthermore, the CaCl2, by-product of the Solvay process has not found sufficient use as 
a chemical to enhance the economic value of the Solvay process. About 11.3 million tons 
of Na2CO3, are produced annually. 
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Chapter 2  
Literature review: 
 
1.6 Introduction  
 
Site feasibility study for geotechnical projects is of far most beneficial before a project can 
take off. Site survey usually takes place before the design process begins in order to 
understand the characteristics of subsoil upon which the decision on location of the  project 
can be made. The following geotechnical design criteria have to be considered during site 
selection.  
   Design load and function of the structure.  
   Type of foundation to be used. 
   Bearing capacity of subsoil.  
In the past, the third bullet played a major in decision making on site selection. Once the 
bearing capacity of the soil was poor, the following were options: 
   Change the design to suit site condition. 
   Remove and replace the in situ soil. 
   Abandon the site. 
Abandoned sites due to undesirable soil bearing capacities dramatically increased, and the 
outcome of this was the scarcity of land and increased demand for natural resources. 
Affected areas include those which were susceptible to liquefaction and those covered with 
soft clay and organic soils. Other areas were those in a landslide and contaminated land. 
However, in most geotechnical projects, it is not possible to obtain a construction site that 
will meet the design requirements without ground modification. The current practice is to 
modify the engineering properties of the native problematic soils to meet the design 
specifications.  Nowadays,  soils such as, soft clays and organic soils can  be improved to 
the civil engineering requirements. 
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2.1 Kinetics of CaCo3 precipitation: 
 
The Kinetics of carbonate precipitation, growth, and dissolution are fundamental to our 
understanding of many natural and anthropogenic geochemical system(Particia M. Dove 
and Michael F. Hochella JR., 1992); Moreover Calcite precipitation in natural waters is a 
kinetically controlled process. Knowledge of the precipitation rate is  required to model 
mineral-water interactions in natural  environments and to predict the fate of other pH 
dependent processes (Dandurand et al., 1982; Last, 1982; Lorah and Herman, 1988; Suarez, 
1983) , Giving a closer examination of the studies reporting carbonate growth Kinetics 
shows that proposed mechanisms and the rate laws are constructed largely from 
experiments which monitor changes in the solution chemistry with time in conjunction with 
examination of the initial/ final run products by microscopic and spectroscopic methods 
(Particia M. Dove and Michael F. Hochella JR., 1992).  
 
Figure 2. 1 Schematic deception of the formation of CaC03spherulties and the transformation from 
amorphous phase to typical Calcite (Wei et al., 2013) 
 
 
However, the Calcite precipitation is a phased complex process, which is controlled by 
some kinetic factors such as; temperature, nucleation sites, ionic strength, PH, solution 
stoichiometry and the degree of supersaturating (Center for History and New Media, n.d.), 
so that, these process govern the precipitation of calcium carbonate in the form of calcite 
which is essential for the amendment of the engineering characteristics of soil. Other 
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metastable and transformable forms do not contribute effectively to particle sanitation. By 
understanding the Kinetics of calcite precipitation is useful for optimization of a chemical 
treatment program which includes the time required for calcite to crystalize and precipitate. 
Applying the chemical by intermittent was found to provide better results for calcite 
precipitation (Harkes et al., 2010).  
 
 
 
 
 
 
 
 
2.1.1 Crystallization of CaCO3 
 
CaCO3, upon precipitation, is capable of forming an amorphous phase comprising colloidal 
systems of amorphous primary particles. The colloidal stability of these systems is not 
sufficient to prevent aggregation. Due to the high number density of primary particles and 
the high ionic strength of the solution, the aggregation process leads to a gelation of the 
reaction mixtures. The gel is bound by van der Waals forces only. Therefore, the gel is 
colloidally less stable and undergoes a quick morphological collapse. The recrystallization 
to vaterite, aragonite, or calcite takes place simultaneously with the dissolution of the gel 
(Fig. 2.3) (Schlomach et al., 2006) . 
Figure 2. 2 The distribution of carbonate species as a fraction of total dissolved 
carbonate in relation to solution PH 
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Where :" Educt A = CaCl2 and          Educt B = Na2Co3" 
Or Educt A & B , Are seawater 
According to the crystal growth  theory,  precipitation starts from nucleation. The  initially 
formed  nuclei grow into crystallites. The crystal growth process occasionally entailed with 
the formation of secondary nuclei causes  significant changes in the  initial concentrations of 
calcium and carbonate ions in  solution.  The crystal growth itself is a complex process  
comprising two elementary  processes  taking  place  either  at  some  distance  from  the  
crystal  surface  or  at  the crystal-solution  interface.  These  elementary  processes  are  1)  
diffusion  and/or  convection  of growth  units  through  the  bulk  toward  the  crystal-solution  
interface,  and  2)  surface  integration processes at the crystal-solution interface. The slowest 
of these consecutive processes determines the overall crystal growth rate .(Effenberger et al., 
1981; Morse et al., 2007) 
The  solid  phase  thus  formed  (crystals)  undergoes  further  changes  in  physical  and 
chemical  properties.  These  secondary  changes  occur  under  conditions  close  to  
equilibrium signifying  the  tendency  of  the  system  to  establish  equilibrium.  Theoretically,  
precipitation terminates when the crystals present in the system form one crystal  which is in 
equilibrium with the  saturated  solution.  In  practice,  precipitation  is  completed  when  
crystals  reach  a  size  that causes  sedimentation.  The  process  that  leads  to  equilibrium  is  
called  ageing  and  takes  place through several possible ways.  Dissolution of small and 
Figure 2. 3 The formation mechanisms of CaCo3 under high supersaturation conditions 
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simultaneous growth of large particles(also  referred  as  Ostwald  ripening)  and  
recrystallization  are  the  mechanisms  that  probably always  occur  in  the  early  stages  of  
the  precipitate  formation.  Coagulation  and  agglomeration followed  by  sintering  change  
the  initial  dispersion  of  the  system  by  formation  of  more  stable large aggregates 
(Andreassen and Hounslow, 2004)  Figure 2.4 shows the Crystal structure of calcite 
 
 
 
 
 
 
 
 
 
 
From the number of carbonate minerals, CaCO3, is by far the most important in nature and 
industry (e.g. pigment, filler and scale formation) and thus a wellstudied mineral system. It 
is abundant in geological scales but also in biominerals mainly as exoskeleton in shells or 
cell walls or as mechanical support in spicules and spines. CaCO3,  has three anhydrous 
crystal- 3 line polymorphs which have typical morphologies: calcite (rhomboeder), 
aragonite (needles) and vaterite (polycrystalline spheres). In addition, amorphous CaCO3, 
(ACC) is known as well as crystalline mono-3 and hexahydrates. Whereas calcite is the 
thermodynamically stable form the other modifications are only metastable, and ACC is 
usually only observed as transient species with the remarkable exception as a 
biomineral(Aizenberg et al., 2002), 
The  formation  of  a  new  solid  phase  is  initiated  through  nucleation  in  supersaturated  
solution. Solid state  precipitates  initially in an amorphous sediment  of  spherical  granules  
with a  diameter  10  nm -  70 (Naka and Chujo, 2003; Nehrke et al., 2006) .Nucleation of 
crystals is the trigger for the beginning of the precipitation process . A mass of works have 
Figure 2. 4 Crystal structure of calcite (“Calcite,” 
2009) 
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studied the crystallization process of CaCO3, in the presence of organic additives(B.P. 
Bastakoti et al., 2011; G.-B. Cai et al., 2010).    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The industrial applications of CaCO3, are strictly related to its properties, such as chemical 
purity, specific surface area, particle size and morphology. Calcite particles are extensively 
used in the metallurgical and cement industries for their excellent brightness, corrosion 
resistance, thermal stability and chemical stability. Aragonite particles are used as fillers in 
biomedical materials and novel composites (S.I. Stupp and P.V. Braun, 1997) . 
Hollow spherical, cubic and linear CaCO3, particles are used as fillers in the production of 
paper, plastic and rubber (B. Cheng etal., 2004). In previous studies ,the effects of several 
chitosan derivatives on CaCO3, crystallization under different conditions were investigated 
(G.Y. Chen et al., 2009; X. Yang et al., 2012). 
 
 
 
Figure 2. 5 stages and pathways of precipitation process  and crystal formation 
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2.1.2 Factors Affecting Crystallization of CaCO3 " Temperature, pH, and Pressure" 
 
The influence of temperature on CaCO3, polymorph formed from(NH4)2CO3–
Ca(CH3COO)2, system was investigated. At 25 and 80°C, the predominant form was found 
to be vaterite, while calcite form was obtained at 50°C. Less than 5% aragonite was 
observed at 70°C(Weiss et al., 2014) .In CaCl2–Na2CO3 system, vaterite with specific 
morphologies was formed at 2–35°C, whereas needle-shaped aragonite crystals were 
obtained at 50–70°C (Ma et al., 2010). 
 
The effect of pH on the polymorphic phase and crystal growth upon precipitation of 
CaCO3,  was investigated by using gas diffusion method. At pH 0.5, calcite and aragonite 
crystals are obtained. When the pH value was higher than 5.5, the precipitates are calcite 
crystals with different morphologies and particle sizes (Ma et al., 2010). It was also 
reported that calcite precipitation in water was favored in alkaline conditions (Stocks-
Fische et al., 1999).  Also (Han et al., 2006) reported that higher pH value tended to induce 
calcite crystals. Also (Cheng et al., 2004; Yu et al., 2004) reported that greater morphology 
control can be afforded by low supersaturation as pH is decreased. This means that the 
induction time of CaCO3,  precipitation increases considerably with decreasing pH (Ma et 
al., 2010). 
 
The effect of pressure on transition of calcite forms was first studied by Bridgman 
(Bridgman, 1939). It was observed a transition to a slightly denser phase (calcite II)at 1.44 
GPa and a transition to a significantly denser phase (calcite III) at 1.77 GPa. (Merrill and 
Bassett, 1975; Singh and Kennedy, 1974) placed the calcite I–calcite II transformation at 
1.45 and 1.5 GPa and the calcite II–III transformation at 1.74 and 2.2 GPa, respectively. 
Moreover, the phase transition of metastable calcite III–post calcite III initiates at a 
pressure of 15.5 GPa and is completed between 25 and 30 GPa (Catalli and Williams, 
2005). In addition to the aforementioned calcite form, there exists a denser calcite VI form 
that can be formed using shock compression experiments (Tyburczy and Ahrens, 1986). 
The phase diagram of calcite is further complicated by the appearance of the calcite II and 
calcite III intermediates at high-pressure phases in the range from 1.0 to 2.5 GPa 
(Bridgman, 1948, 1939). At higher pressures, calcite is known to undergo yet an other 
phase transition; this high-pressure phase, known as calcite IV ,occurs at pressures in 
excess of 10 GPa and is usually observed in impact experiments in the form of a somewhat 
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anomalous rarefaction shock. None of the intermediate phases of calcite is stable under 
equilibrium conditions (Adadurov et al., 1960; Grady, 1973). Kerley in 1989 developed a 
theoretical model for the equation of state of CaCO3, that includes phase transitions and 
melting. As noted, calcite IV is assumed to have the same properties as aragonite except for 
a shift in the energy (Kerley, 1989) . Different CaCO3, phases have been determined by 
using a combination of advanced ab initio simulation techniques and high-pressure 
experiment. The crystal structure of post aragonite phase in CaCO3, at a pressure of 40 GPa 
was identified in addition to a number of energetically competitive structures (stable phase 
I and metastable phases II–IV). Above 137 GPa, phase I with a pyroxene-type structure 
with chains of    
   tetrahedra becomes more stable than post aragonite (Oganov et al., 
2006) . 
 
2.2 Seawater Content of ( CaCo3) 
 
It is generally accepted that most of the oceanic CaCO3, production is biogenic, whereas 
homogeneous, inorganic CaCO3, nucleation and precipitation from seawater is inhibited by 
the presence of other seawater constituents, including dissolved organic carbon. 
Notwithstanding, heterogeneous CaCO3, precipitation (HCP) from supersaturated seawater 
onto solid surfaces is well documented, evidence for HCP in the open-ocean settings has 
not been convincingly demonstrated (Wurgaf et al., 2016), whereas Most of the surface 
ocean is supersaturated with respect to CaCO3, minerals (calcite and aragonite), yet 
spontaneous, homogenous nucleation and precipitation of CaCO3, are not ubiquitous since 
they are inhibited by various dissolved constituents (mainly Mg2+, dissolved organic 
carbon, and other seawater constituents) (Morse et al., 2007) Therefore, homogeneous 
CaCO3, nucleation and precipitation from seawater is restricted to specificconditions. For 
example, homogeneous CaCO3,  nucleation in seawater solutions can occur spontaneously 
when pH increases above 9.3, calcite saturation level is higher than 20, or when the partial 
pressure of CO2 (PCO2), islowerthan13μatm  (Morse and He, 1993) Spontaneous aragonite 
precipitation also occurs when seawater is evaporated to a concentration factor of ~2 (Lazar 
et al., 1983) Since these conditions are rarely met, most of the CaCO3, deposition in the 
modern ocean is biogenic, precipitated by either calcareous plankton or benthic algae (e.g., 
Halemida, Pennecillus) and organisms such as molluscs and corals (Van Cappellen, 2003) 
It is well documented that suspended solids may induce heterogeneous CaCO3, 
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precipitation (HCP) in supersaturated upper water column seawater, by acting as 
precipitation sites for CaCO3, (Enmar, R., et al., 2000; Millero et al., 2001; Morse et al., 
2003) . 
 
2.2.1 Calcium Hardening process as CaCO3,  in Seawater 
 
The concentration of calcium ions (Ca2+) in freshwater is found in a range of 0 to 100 
mg/L, and usually has the highest concentration of any freshwater cation. A level of 50 
mg/L is recommended as the upper limit for drinking water. High levels are not considered 
a health concern; however, levels above 50 mg/L can be problematic due to formation of 
excess calcium carbonate deposits in plumbing or in decreased cleansing action of soaps. If 
the calcium-ion concentration in freshwater drops below 5 mg/L, it can support only sparse 
plant and animal life, a condition known as oligotrophic. Typical seawater contains Ca2+ 
levels of about 400 mg/L.  
So as a result the CaCo3 start to hardening  when water passes through or over mineral 
deposits such as limestone, the levels of Ca
2+
 Mg
2+
, and HCO
3–
, ions present in the water 
greatly increase and cause the water to be classified as hard water. This term results from 
the fact that calcium or magnesium ions in water combine with soap molecules, forming a 
sticky scum that interferes with soap action and makes it ―hard‖ to get suds. One of the 
most obvious signs of water hardness is a layer of white film left on the surface of showers. 
Since most hard-water ions originate from calcium carbonate, levels of water hardness are 
often referred to in terms of hardness as CaCO3, For example if a water sample is found to 
have a Ca
2+
, concentration of 30 mg/L, then its calcium hardness as CaCO3, can be 
calculated using the formula (1) , And the reaction occurring with limestone is expressed in 
formula (2) ,(Robyn L. Johnson et al., 1996). 
 (30 mg/L Ca2+) x(100 g CaCO3 / 40 g Ca2+) = 75 mg/L calcium hardness as CaCO3            (1) 
 CaCO3(s) + CO2(aq) + H2O(l) ← →   Ca2+(aq) + 2HCO3–(aq).                                              (2) 
 Note that this formula (2) takes into account that the molar mass of Ca is 40 g/mol, and of 
CaCO3is 100 g/mol. 
Note that 30 mg/L Ca
2+ 
and 75 mg/L calcium hardness as CaCO3, are equivalent—they are 
simply two different ways of expressing calcium levels. The value of calcium hardness as 
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CaCO3,  can always be obtained by multiplying the Ca
2+
, concentration by a factor of 
100/40, or 2.5.(Lazar et al., 1983; Robyn L. Johnson et al., 1996)  
 
Another common measurement of water hardness is known as total hardness as CaCO3. 
This measurement takes into account both Ca
2+
 and Mg
2+
 ions. On average, magnesium 
hardness represents about 1/3 of total hardness and calcium hardness about 2/3. If you are 
comparing your own test results of calcium hardness as CaCO3, with results in publications 
that use units of total hardness as CaCO3, you can estimate total hardness by multiplying 
the calcium hardness by 1.5. (Lazar et al., 1983; Robyn L. Johnson et al., 1996; Wurgaf et 
al., 2016) 
 
2.2.2 Chemistry of  Mediterranean  Seawater  
 
The dissolved ions in the sea form an essentially free source of materials to anyone with 
access to the sea. Evaporation of seawater produces sodium and potassium chlorides. This 
is carried out mostly in hot countries where the heat of the Sun is used to evaporate the 
water (and there is little rain to re-dissolve the solid salt that has been produced). In some 
countries, such as Saudi Arabia, seawater is separated to provide pure water (for drinking 
etc) while the salts form a by-product (―Seawater Composition,‖ 2008) , Generally, 
oxidation of sedimentary organic matter in salt water can decrease the saturation of pore 
water with respect to CaCO3,  by increasing pCO2, (Hedges et al., 1999). The approach that 
has generally been used is to estimate carbonate dissolution rates via diagenetic 
models(Archer et al., 2002) , incorporating organic matter oxidation by oxygen(assuming a 
C:O ratio) that produces under saturated conditions considered. A relationship is then 
established between the calcite dissolution rate and the pore-water saturation state. The 
general kinetic equation for calcite introduced by (Morse and Berner, 1972) for calcite 
dissolution in seawater has been most commonly used. Many investigators, eg, (Hales and 
Emerson, 1996; Keir, 1980; Morse, 1978a), have model rates of carbonate dissolution from 
deep-sea sediment. It is clear that diagenetic factors that control the partial or complete 
dissolution of deep-sea carbonates are dependent on scale(Morse, 2003). At the scale of the 
major ocean basins, it is clear that the primary variable is the saturation state of water at a 
given depth. This is largely controlled by its potential pCO2, A detailed  chemistry 
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composition of  Mediterranean seawater is shown in the figure 2.6 (―Chemistry of 
Seawater,‖ 2008) 
 
Note! ppm= parts per million = mg/litre = 0.001g/kg 
 
 
 
 
Figure 2. 6 chemistry composition of  Mediterranean seawater 
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2.2.3 Salinity as a major factor influencing the richness of Ions in Seawater 
 
 
 
 
 
 
 
 
The salinity of seawater is usually 35 parts per thousand (also written as o/oo) in most 
marine areas. This salinity measurement is a total of all the salts that are dissolved in the 
water. Although 35 parts per thousand is not very concentrated (the same as 3.5 parts per 
hundred, o/o, or percent) the water in the oceans tastes very salty. The interesting thing 
about this dissolved salt is that it is always made up of the same types of salts and they are 
always in the same proportion to each other (even if the salinity is different than average). 
The majority of the salt is the same as table salt (sodium chloride) but there are other salts 
as well. (Castro and Huber, 2013; ―Chemistry of Seawater,‖ 2008) The figure below shows 
these proportions: 
 
 
 
 
 
 
 
Figure 2. 7 Salinity map showing areas of high salinity (36 o/oo) in green, 
medium salinity in blue (35 o/oo), and low salinity (34 o/oo) in purple(Castro 
and Huber, 2013) 
Figure 2. 8 The salinity proportions in seawater distribution(“Chemistry of Seawater,” 
2008) 
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2.3 Natural precipitation of "CaCO3" 
 
Naturally, Calcium carbonate (CaCO3) includes three hydrated and three anhydrate 
polymorphs. These are: amorphous calcium carbonate (ACC), calcium carbonate 
hexahydrate (CaCO3·6H2O), calcium carbonate monohydrate (CaCO3·H2O), or vaterite, 
aragonite and calcite, with increasing order in thermodynamic stability(Colfen, 
2003),Hence the precipitation reaction of calcium carbonates results initially in the mineral 
forms of calcium carbonates that are thermonidamically unstable. According to Ostwald‘s 
Law of stages, which states that ‗the least stable phases with the highest solubility 
precipitates first and subsequently transform to more stable ones‘(Klraj et al., 1997). 
However, The precipitation of Calcite in supersaturated solutions takes place according to 
specific physiochemical paths that involve the formation of the unstable forms of the 
mineral according to Ostwald's step rule. These amorphous undergo transformation into 
more stable ones , such as Calcite .The transformation  is controlled by the stoichiometry of 
the solution and the changes accompany the formation of the amorphous forms (Fig 2.9) 
 (Kawano et al., 2002; Wei et al., 2003)  
Explains  that  natural  cements  are  created  in  the  ecosystem  through  chemical 
depositions  and  biochemical  processes  which  are  related  to  weathering  and  
erosion(DeJong et al., 2006a).  Calcium Carbonate  (CaCO3)  precipitation  or  
biocalcification  has  a  very important cementation  role  in  the creation of natural rock out 
of sediments, minerals and soils (C.W. Chou et al., 2011; Molenaar and Venmans, 1993b) 
states that Calcium  Carbonate  is  one  of  the  most  frequently  occurring  natural  
cements  and (Whiffin, 2004)  continues to explain that this is a result of Calcite being one 
of the most common mineral on earth making up 4 % by weight of the Earth‘s crust. This is 
due to that calcite   is the main mineral in; shells of marine animals, coral skeletons, 
limestone and as mentioned above the cement in sand-  and limestone (Price, 2012) 
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Calcite, like most carbonates, will dissolve with most forms of acid. Calcite can be 
either dissolved by groundwater or precipitated by groundwater, depending on several 
factors including the water temperature, pH, and dissolved ion concentrations. Although 
calcite is fairly insoluble in cold water, acidity can cause dissolution of calcite and release 
of carbon dioxide gas. Ambient carbon dioxide, due to its acidity, has a slight solubilizing 
effect on calcite. Calcite exhibits an unusual characteristic called retrograde solubility in 
which it becomes less soluble in water as the temperature increases. When conditions are 
right for precipitation, calcite forms mineral coatings that cement the existing rock grains 
together or it can fill fractures. When conditions are right for dissolution, the removal of 
calcite can dramatically increase the porosity and permeability of the rock, and if it 
continues for a long period of time may result in the formation of caves. On a landscape 
scale, continued dissolution of calcium carbonate-rich rocks can lead to the expansion and 
eventual collapse of cave systems, resulting in various forms of karst topography. (B. 
Cheng et al., 2004; ―Calcite,‖ 2009; Rossi and Lozano, 2016) 
 
 
 
Figure 2. 9 illustrate the different pathways of calcite precipitation . The pathways 
involve the formation of amorphous CaCo3, Vaterite and Calcite . 
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2.4 Previous studies on the CaCO3 precipitation 
 
The  calcite  precipitation  process  alters  the  physical  and  mechanical  properties  of  the 
soil  through growing  calcite crystals  on  the  surface  of  the  soil  grains cementing them  
together at  the  particle  to particle  contact  points.  Compressive  strength,  shear  strength  
and Young‘s  modulus  increases  but porosity stays relatively unchanged. 
 
2.4.1 Up-to- Date  studies of "CaCO3 " precipitation 
 
 Plenty of studies has given a great concern to investigate the " CaCO3" precipitation and 
the mechanism lead it to be precipitated , A study conducted by (DeJong et al., 2006a) 
explains that  natural  cements  are  created  in  the  ecosystem  through  chemical 
depositions  and  biochemical  processes  which  are  related  to  weathering  and  erosion.  
Calcium Carbonate  (CaCO3)  precipitation  or biocalcification  has  a  very  important  
cementation  role  in  the creation of natural rock out of sediments, minerals and soils and 
further two studies (C.W. Chou et al., 2011; Molenaar and Venmans, 1993b)  states that 
Calcium  Carbonate  is  one  of  the  most  frequently  occurring  natural  cements  and 
(Whiffin, 2004) continues to explain that this is a result of Calcite being one of the most 
common mineral on earth making up 4 % by weight of the Earth‘s crust. This is due to that 
calcite  is the main mineral in; shells of marine animals, coral skeletons, limestone and as 
mentioned above the cement in sand-  and limestone. And (Price, 2012)confirmed that 
cementation from Calcite or Calcium Carbonate precipitation will be the prime focus in 
explaining the cementation process of sediment stone. Further more a study (Al-Thawadi, 
2008) informs that CaCO3, precipitation is a frequent occurring  process  and  can  be  
found  in  marine  water,  fresh  water  and  soils.  The  increase  in  the concentration or 
decrease in the solubility of the calcium or carbonate in the  solution cases the natural 
precipitation of CaCO3,(Al-Thawadi, 2008; Whiffin, 2004) adds that there are four factors 
governing the  precipitation  of  Calcium  Carbonate;  calcite  concentration,  carbonate  
concentration,  pH  of  the environment and the presence of nucleation sites. Figure 2.10 
demonstrates the calcium carbonate cementation of quartz sandstone.  
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2.4.2 Recommendations from previous studies for better precipitation 
 
Many further studies has determined and recommended the factors that significantly affect 
the precipitation of CaCO3, both in soil and seawater , the studies indicates that for each 
one of every factor presence/absence  a precipitation characteristics of its own.  The 
summary of these studies is shown in the figure 2.11 .(Berner, 1975; Given and Wilkinson, 
1985; Lebron and Suarez, 1996)  
Investigated the effect of temperature and chemical composition of parent solutions on the 
rate and mechanisms of calcite crystal growth over a range of temperatures common to 
both the present-day and ancient seawaters in order to determine if and how temperature 
was responsible for the amount of Mg incorporated in the calcite (Lopez et al., 2009) 
 
 
 
 
 
 
 
 
Figure 2. 10 Sandstone made of quite rounded grains of quartz, cemented together by calcium carbonate 
(“Oxford  Earth Science Image Store,” 2004) 
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Figure 2. 11 A summary of studies investigate the factors that affect the precipitation of CaCo3 
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2.5 Effect of  CaCO3  precipitation on soil 
 
Soil is a major component of the Earth's ecosystem. The world's ecosystems are impacted 
in far-reaching ways by the processes carried out in the soil, from ozone 
depletion and global warming, to rainforest destruction and water pollution. Following the 
atmosphere, the soil is the next largest carbon reservoir on Earth, and it is potentially one of 
the most reactive to human disturbance and climate change. (Richard et al., 2002) Soil 
carbonate consists mainly ofcalcium carbonate (CaCO3), with variable degrees of Mg-
substitution (Bui et al., 1990; Eggleton, 2001; Hill et al., 1999; Milnes and Hutton, 1983) 
Carbonate abundance influences the pH and a range of other soil properties including 
texture, porosity, permeability, hydraulic conductivity, structure, and cation exchange 
capacity, which are important attributes for the agriculture sector (Peverill et al., 2001) 
The mineral material from which a soil forms is called parent material. Rock, whether its 
origin is igneous, sedimentary, or metamorphic, is the source of all soil mineral materials 
and the origin of all plant nutrients with the exceptions of nitrogen, hydrogen and carbon. 
As the parent material is chemically and physically weathered, transported, deposited and 
precipitated, it is transformed into a soil. (Donahue et al., 1977) 
Typical soil parent mineral materials are:  
 Quartz: SiO2 
 Calcite: CaCO3 
 Feldspar: KAlSi3O8 
 Mica (biotite): K(Mg,Fe)3AlSi3O10(OH)2 
 
In this study we are much concern of CaCO3,  precipitation and its effects on soil in the way 
of permeability,strength and stiffness. But in a particular concern we gave much 
importance for the effect on permeability due to we haven't reached the desired neither 
strength nor stiffness  
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2.5.1 Effects of CaCO3  on soil's permeability . 
 
Permeability of porous media is an important property which depends upon various 
properties of soil mass such as porosity, size and shape of soil particles, initial moisture 
content and compaction etc. As in natural condition, the soil mass exists in layers/ strata, 
thus represents a stratified soil. The flow through stratified soil may be perpendicular, 
inclined or parallel to the bedding  plane. In this paper an attempt has been made to study 
the behavior of double layered stratified soil samples of equal thickness subjected to a flow 
perpendicular to the bedding plane in terms of its permeability. (Alam et al., 2015). 
As will be explained in details in the next chapters to come , the permeability is the only 
factor we considered in this study because the results haven't gained the strength and 
stiffness desired ,For that a detailed curves illustrates the relationship between the outflow 
verses head and curves that shows the relationship between the outflow verses injection and 
stopping times are being displayed in CH
-4
    
2.5.2 Effects of CaCO3  on soil's strength  
 
Calcite crystals serve as the cementing bridges, which bind soil grains together, and they 
have been found to be highly effective in binding soil particles up to 50 years and 
improving their geotechnical properties, such as shear strength(DeJong et al., 2009) In 
general, experimental results show that the production of CaCO3, due to precipitation 
produce  links/bonds between the soil particles(C. W Chou et al., 2011; Chu et al., 2012) 
resulting in increases in the strength(Al Qabany and Soga, 2013; Dejong et al., 2010; 
Venda Oliveira et al., 2015; Whiffin, 2004) and stiffness of soils(Mortensen et al., 2011; 
Van Paassen et al., 2010b; Venda Oliveira et al., 2015). Naturally, the deposition of 
CaCO3in the void spaces and/or around the surfaces of the soil particles contributes to the 
clogging of the porous medium, which reduces the porosity (Whiffin et al., 2007) and the 
hydraulic conductivity(Al Qabany and Soga, 2013; C. W Chou et al., 2011). precipitation 
also changes the behavior of the loose material treated; thus, volumetric expansion during 
direct shear tests was observed (C. W Chou et al., 2011) as well as a non-collapsible 
behavior(DeJong et al., 2006) These facts, together with the strengthening of the soil, 
contribute to mitigating the soil‘s liquefaction potential(Burbank et al., 2011; Cheng et al., 
2013; DeJong et al., 2009)  
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2.5.3 Effects of CaCO3  on soil's stiffness 
 
Generally stiffness or Young's modulus of a compacted residual soil can be obtained from 
numerical analyses that simulate the shear stress versus horizontal displacement of the soil, 
stiffness of soil increases with increasing net normal stress and matric suction, as the 
crystals of CaCo3 keeps growing into the soil (Rahardjo et al., 2011) , this generate normal 
stresses on the sand particles which increase the matric suction and so does the stiffness 
increased .(Morse et al., 2007), And When carbon dioxide (CO2) is introduced, 
carbonation, which is a naturally slow process, is also accelerated. The accelerated process 
would consume calcium ions (Ca
2+
) available in certain anhydrous cement phases and 
hydration products to form calcium carbonate (CaCO3). This leads to lowering of the pore 
fluids pH, to volume changes due to conversion of portlandite to CaCO3, and to the 
decalcification of C–S–H  (Lange et al., 1996 ). However, the effect of increasing CaCO3, 
crystal size in the soil probably gain in strength and weight and the stiffness is getting 
higher (Rahardjo et al., 2011) 
 
2.6 Characterization of  chemically CaCO3 precipitation in soil 
 
Carbonates can easily be recognized in soil thin sections, as their birefringence is extreme 
resulting in upper-order creamy white interference colors .They are also characterized by 
high relief generally from strongly negative to strongly positive depending upon their 
orientation .Table 2.1 represents some optical properties of different forms of CaCO3, 
(Durand et al., 2010) .As shown in the table ,the optical properties of the various CaCO3, 
forms are quite similar. 
CaCO3, exists naturally in six different forms: three crystalline polymorphs, calcite, 
aragonite, and the metastable vaterite; two hydrate phases, monohydrocalcite and ikaite; in 
addition to amorphous CaCO3, (Sekkal and Zaoui, 2015) 
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Table 2. 1 Optical Properties of Different Forms of CaCo3 precipitation in soil 
 
 
 
According to the United States Pharmacopeia (USP), CaCO3, is fine, white,odorless, 
tasteless, and microcrystalline powder (USP 38/NF 33, 2015),while it is described as a 
white or almost white powder in the European Pharmacopeia (Eur. Ph, 2015) 
 
2.6.1 The behavior of precipitation of CaCO3  
 
In nature CaCO3, has a very low solubility in water, but in saturated with CO2, its solubility 
increases due to the formation of more soluble calcium bicarbonate (Ca(HCO3)2). 
However, like all metal carbonates, CaCO3, reacts with acidic solutions to produce CO2 gas 
(, Carbonate Chemistry, 2014). 
  
In order to understand the precipitation of CaCO3, in this portion , a concern must be given 
to be aware of the solid state stability of the formed precipitation and the nature of its 
decomposition . However, Studies showed that the solid CaCO3,decompose upon heating  
<  650 C , to CaO and CO2 . The endothermic process is called calcination  
 
     ( )     ( )     ( )                        
 
The reaction is favored by higher temperatures and will proceed only if the partial pressure 
of CO2, in the gas above the solid surface is less than the decomposition pressure of the 
CaCO3(Stanmore and Gilot, 2012) . Furthermore, evaluation of the kinetics of calcination 
is complicated by: (1) CO2 atmosphere and its concentration, which inhibits the reaction; 
(2) sample weight and particle size, which may introduce both thermal and mass transfer 
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limitations;(3) catalysis/inhibition by impurities; (4) the applying pressure and inert 
atmosphere; (5) the use of isothermal or non isothermal method; and (6)the rate of 
temperature increase (Cheng and Specht, 2006; Stanmore and Gilot, 2012). 
2.6.2 Location  
 
Calcareous soils as defined here are the soils , The question is that where does the 
precipitation take a place into soil ? . Studies and test reveals that the CaCO3, precipitation  
fall between the near neutral soils and the alkaline soils as shown in (Figure 2.12)in redox-
pH space. They straddle the calcite fence of the pedogenic grid as shown in (Figure 2.14, 
2.13). The fence itself marks the pH zone  below which calcite dissolves and above which 
it precipitates, by the reaction 
 
       
           
  
 
 
The deposition of calcium carbonate in soil takes place when the product of the activities of 
     and    
    in the soil solution is          (Berner, 1975). 
 
Figure 2. 12 Detail of Figure 2.13 
showing characteristics of the 
soils in Table 2.1 with respect to 
the presence or absence of 
Calcite in their various horizons 
Figure 2. 13  Approximation field of 
calcareous soil, The dashed envelop 
endorses the field of the common mineral 
soils 
Figure 2. 14 The Calcite geochemical force 
in relation to the common mineral soils 
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2.6.3 How to measure  
 
Calcite typically displays the rhombohedral habit. Aragonite typically appears as prisms or 
needlelike crystals, and vaterite tends to form polycrystalline spherulites. They are 
metastable phases and, especially the latter, may play a role as a precursor in calcite 
formation(Cizer et al., 2012) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The 
Figure 2. 15 Displays how coating of Calcite crystal around the soil particle bond at the 
contact (Price, 2012) 
Figure 2. 16 The SEM images of CaCO3 forms: (A) amorphous 
calcite, (B) layered and rhombohedral calcite, (C) spherical vaterite, 
and (D) needle aragonite. 
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morphological modifications in the absence and presence of Laspartic acid as organic 
template that induce the nucleation of CaCO3, were investigated (Tong et al., 2004).In the 
absence of L-aspartic acid in the reaction system, only calcite can be observed and the 
precipitate is bulky amorphous crystal with irregular shape (Fig. 2.16A). While in the 
presence of the acid with a concentration of 0.25 mg/mL, the precipitate contains calcite 
which appears layered and rhombohedral shape (Fig. 2.16 B). At high acid concentration 
(>1 mg/mL), nearly all the precipitate becomes spherical  vaterite crystal (Fig. 2.16 C). 
Beck and Andreassen described different morphologies of the calcite form (Beck and 
Andreassen, 2012). For example, the plate-like morphology with hexagonal features for 
calcite could only be obtained under the influence of significant levels of Li ions at 45°C. 
The spherulitic, cube-shaped crystals of calcite are produced at 10°C. Precipitation at room 
temperature resulted in smooth calcite polyhedra, but the unwanted extent of agglomeration 
is much higher at that temperature .Needle-shaped particles (Fig. 2.16 D)could be obtained 
at low supersaturation and high temperature (90°C). In this experiment, low supersaturation 
during the crystallization process was obtained by a slow addition of Ca ions . (Eur. Ph, 
2015) 
 
The different  in soil crystalline polymorphic phases of CaCO3, possess different particle 
morphology, shape, porous structure, and density (Table2.2). The foregoing properties are 
further dependent on whether CaCO3, precipitation in soil  exists as natural or synthetically 
prepared via the various synthetic routes pore Size of CaCO3.  
  
 
 
 
 
 
 
 
 
Table 2. 2 Reported Particle Size, Specific Surface ,Area , And pore 
Size of CaCo3 
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2.6.4  Molecular Modeling of the Calcite precipitation  
 
Molecular modeling studies of calcite and aragonite have been carried by molecular 
dynamics (MD) simulations approach(Bearchell and Heyes, 2002). In this study, constant 
volume and constant stress simulations were performed using the force-field parameters of 
(Dove et al., 1992). The reported crystallographic data were used to build the initial 
configurations of calcite and aragonite (Dickens and Bowen, 1971; Effenberger et al., 
1981). The calcite simulation cell was composed of 20 unit cells, four unit cells along the a-
axis, five along b, and one along c, while the aragonite simulation cell included 27 unit 
cells, three along each of the a, b, and c axes. In the case of calcite, the constant volume 
MD simulations show little difference between the initial (Fig. 2.17A) and final structures 
(Fig. 2.17B), apart from some thermally induced positional and rotational disorder. For 
aragonite, there is apparently very little rearrangement of the structure after the 
 
 
 
 
 
 
 Figure 2. 17 The molecular dynamic simulation of calcite in soil : (A) the initial, (B) the final 
with a constant volume simulation (298K and density of 2.71 g/cm3), and (C) the final with a 
constant stress simulation (298K and 1 bar pressure). 
Figure 2. 18 The molecular dynamic simulation of aragonite: (A) the initial, (B) the final with a 
constant volume simulation (298K and density of 2.944 g/cm3), and (C) the final with constant stress 
simulation (298K and 1 bar pressure). 
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simulation (Fig.2.18B) in comparison with the initial configuration (Fig. 2.18A).The 
agreement between experimental and simulated pair distribution functions would suggest 
that the force field reproduces the structural features of calcite and aragonite when using 
constant volume simulations. However, the constant volume/shape constraints may have 
had the effect of stabilizing metastable structures (Bearchell and Heyes, 2002). 
Fig. 2.17C shows the final system configuration of the constant stress simulation for 
calcite. Comparing this with the starting configuration (Fig. 2.17A), it is evident that the 
calcite structure is not greatly altered by relaxation in the simulation constraints. The final 
and initial configurations of aragonite  
(Fig. 2.18C and A, respectively) do show some differences. The equilibrated structure 
from the constant stress simulation indicates that the carbonate ions had rotated through an 
angle of c.60 degree, although the Ca and carbon center-of-mass positions did not change 
appreciably. The differences in the simulation outcomes can be associated with differences 
in the carbonate anion geometries between the calcite and aragonite natural crystalline 
forms.  
Furthermore, the equilibrium unit cell parameters of calcite calculated from the constant 
stress simulation show a close agreement with the X-ray crystallographic values. Aragonite, 
however, shows greater differences in the unit cell dimensions. All three lengths ,a, b, and 
c, were longer so that the density was lower, in fact quite close to the calcite, suggesting 
that the aragonite phase is tending toward this structure in an attempt to relieve stress on the 
system (Bearchell and Heyes, 2002). 
 
2.7 Characterization of  CaCo3 precipitation by seawater 
 
Most calcium in surface water comes from streams flowing over limestone, CaCO3, 
gypsum, CaSO4•2H2O, and other calcium-containing rocks and minerals Groundwater and 
underground aquifers leach even higher concentrations of calcium ions from rocks and soil. 
Calcium carbonate is relatively insoluble in water, but dissolves more readily in water 
containing significant levels of dissolved carbon dioxide. (Robyn L. Johnson et al., 1996). 
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2.7.1 Rate of growth 
 
The carbonate chemistry of seawater is usually not considered to be an important factor 
influencing calcium-carbonate precipitation by corals because surface seawater is 
supersaturated with respect to aragonite .However In natural seawater, precipitation of 
carbonate minerals is commonly not easily predicted using straightforward equilibrium 
thermodynamic assumptions, because seawater is a highly complex solution(Morse, 1983; 
Morse and Casey, 1988) . Likewise  mineral precipitation and dissolution rates have most 
often been expressed in terms of a disequilibrium functional dependence. Since the net 
growth rate of calcium carbonate is,a priori, a function of both calcium and 
carbonate(Arvidson and Mackenzie, 2000; Berner and Morse, 1974; Gledhill and Morse, 
2006; Morse, 1978b; Nancollas and Reddy, 1971)  
    (    )   
or in the logarithmic form: 
                 (    )  
Where: 
 
 R: is the precipitation rate normalized to the reacting surface area (mol        ) 
K: is the rate constant, n is the order of the overall reaction (Nancollas and Reddy, 1971) 
  : is the saturation state and    defined as 
    
[   
  ]  [    ]
   
 
Where : 
   
  is the calcite stoichiometric solubility constant at a given temperature 
[   
  ]and [    ] are the carbonate and calcium ion concentrations, respectively 
 
Given the constancy of calcium ion concentration in the ocean,Broecker and Peng 
(Broecker and Peng, 1982)suggested that variations in seawater saturation states are better 
described by the variation of carbonate ion concentrations. showed that the kinetics of 
calcite precipitation in seawater solutions can be described using [   
  ] as the sole or 
governing macroscopic operative variable because [    ]  << [   
  ] and [    ]  is 
constant demonstrated that under these conditions, the rate of calcite crystal growth is zero 
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order with respect  to the [    ] (Zuddas and Mucci, 1998) .Under these conditions, 
assuming that calcite precipitation is controlled by the reaction 
 
         
  
      
→            
 
the net experimental rate, R, defined as the difference  between the precipitation rate (Rf) 
and the dissolution rate(Rb), becomes: 
          (     )
  (      )
  
   (      )
  
          ( ) 
 
where, kf and kb are the forward and reverse reaction rate constants, ai and ni are, the 
activity and partial reaction order, respectively, for the species involved in the reaction of 
precipitation. The activity of a relatively pure solid such as calcite precipitated from 
seawater containing about 12% (in mole) MgCO3can be assumed equal to one on the scale 
of this kind of kinetic experiment(Morse and Mackenzie, 1990; Zhong and Mucci, 1993) . 
This assumption is in agreement with the low lattice volume change resulting from 
MgCO3incorporation (Marini, 2007). Given the constancy of [Ca
2+
 ] throughout the growth 
experiments, Eq. (1) can be reduced to Eq. (2)  (Zhong and Mucci, 1933). 
 
    [   
  ]      
   ( )              [   
  ] 
Eq.(2) represents a kinetic expression that takes into account the non-stoichiometry of the 
seawater composition and is thus more suitable for obtaining mechanistic information on 
the calcite crystal growth reactions in this environment. This last expression has been fitted 
under experimental conditions(Zhong and Mucci, 1995, 1993; Zuddas et al., 2003; Zuddas 
and Mucci, 1998, 1994) testing a large range of salinity, PCO2partial pressure and organic 
matter concentrations of present-day seawater. 
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Ch-3 
Methodology and Experiments 
 
1.6.1 design an automated experiment  
 
In order to perform the experiments and tests required for investigating the precipitation of 
CaCO3 by both induced chemicals and seawater  an automated  experiment has to be ready 
. 
The  experiments based on the repeatedly injections for a specified time and the retention 
time that allow the material to settle in the sample and so does allow the CaCO3, 
precipitation to initiate. 
The following figure illustrate the automated experiment devices  that will be used to get 
the results . 
 
 
 
 
 
 
 
3.1 Controls project 
 
3.1.1 Treatment formula and injection rate The rate of the calcium carbonate 
precipitation must be controlled to achieve uniform (e.g. spatially evenly distributed) 
cementation in situ. Precipitation that occurs too quickly will result in localized 
Figure 1. 8 the structure of the automated experiment device 
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cementation around the injection source, which may lead to plugging. Higher rates of 
calcite precipitation (e.g. lower concentrations of ammonium ions) have been observed 
to lead to plugging at the injection source and larger gradient of mass of calcite along 
the injection path (data not shown). A slower rate of precipitation allows for the nutrient 
delivery to more distant locations along the flow path and a more uniform delivery of 
the chemicals. 
 
 The rate of precipitation is dependent on the delivery rate of chemicals and the rate of pH 
rise to trigger precipitation. Chemical delivery rate is largely dependent on the flow rate 
from the injection source. At slow flow rates, the rates of urea consumption and calcium 
carbonate precipitation are larger than the flow rate, resulting in cementation immediately 
adjacent to the injection source. The CaCl2 and Na2CO3  are consumed before they reach 
biological communities farther along the flow path. Conversely, increasing the flow rate to 
exceed the rate of urea consumption and calcium carbonate precipitation allows for a more 
uniform distribution of chemicals along the entire flow path length. The rate of 
precipitation is dependent on the rate of increase in media pH, which in turn is dependent 
on the chemical composition of the cementation media and the rate of absorption.  
 
3.1.2 Extraction from preparation cell – Several tests have been performed to find the 
best and easiest way  to extract the cemented soil core from the core preparation cylinder 
without causing damage through  tension, shear force or too much friction between the soil 
and the inner wall of the cylinder.  A rubber  sleeve  was first  used as  a membrane  
between  the  cylinder  and the  soil.  Difficulties  quickly  arose  concerning how to extract 
the air between the inner wall of the cylinder and the rubber sleeve.  A  method that turned 
out to work a lot better was to apply a thick layer of Petroleum jelly to the inside  of the 
cylinder, this layer worked as a lubricated sleeve and  reduced the skin friction of the 
cylinder  to insignificant levels. The cemented soil core then could be extracted without 
almost any transitions  of forces into the soil material. 
3.1.3  The injection -The compaction method is important in order to  displace all the air  
in the pores of the core sample. Therefore  water was injected from the bottom inlet filling 
the sample gradually with a  pressure  low  enough  to  avoid  hydro fracture.  Subsequent  
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to  the  water  the  mixed Chemicals   Fluid  was injected with the same procedure, from 
bottom to top in order to displace the water 
 
3.1.4 Temperature,  T  –  In  order  to  achieve  the  same  temperature  as  in-situ  the  
core  samples  were  all  prepared  in  a  temperature  controlled  room  which  was  kept  at  
a  stable  temperature  of  10  ºC.  The  entire process, from letting each individual dry 
chemical adjust to the temperature to extracting the  core samples was carried out in this 
room. 
3.1.5 Particle size .Particle size also varies extensively in situ, from coarse grained sands 
and gravels to fine grained silts and clay. The ability for precipitation  to be effective is 
dependent on the permeability of the soil being sufficient to allow injected chemicals to 
flow to the number of particle contacts available within the soil matrix(Mitchell and 
Santamarina, 2005). The increase in strength and stiffness due to the calcium carbonate 
precipitation is most effective at the particle contacts; thus, the more particle contacts 
within the soil matrix, the larger the effect of the precipitation. For soils at a constant 
relative density (or porosity), dense well graded soils have a higher number of particle 
contacts in a given volume and loose poorly graded gravels ⁄coarse sands have fewer 
particle contacts in a given volume. (Rebata-Landa, 2007) 
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3.2 Experiment preparation  
 
Laboratory-scale units _ The main body of the experiment used to inject both the 
chemicals and seawater Figure 3. 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. 2 Shows a real body of the experiment used 
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3.3 Equipment  
 
Several equipment were used to conduct the tests , with each conducted experiment a set of 
tools and equipment regardless of the main  experiment devise , were used . 
 An oven dry , used to heat the NaHCO3, at 300C , the process of heating  is 
important in order to convert the NaHCO3,  into Na2CO3 . 
 
 
 
 
 
 
 
 
 
 
 Plastic Tubes , used to transfer the solution  throughout the experiment device . 
 
 
 
 
 
 
 
 
Figure 3. 3 Oven Dry used to drying the chemicals 
Figure 3. 4 Plastic Tubes used to transmit the fluids 
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  Sensitive balance device, used for measuring the mass of chemicals used . The 
molar mass used as a reference in the weighting  process are as follow : 
 1mole of NaHCO3 = 86 g 
 1 mole of CaCl2 = 111 g 
 
 
 
 
 
 
 
 
 
 
 
 Hydraulic Pump , Two types of pumps were used distinguishing by their efficiency  
 Type I : 2.61 Litter / minute 
 Type II : 3.1 Litter/minute  
 
 
 
 
 
 
 
 
 
 
 
 
  
 Containers " Reservoirs " , used to contain the solution both in and out ones . Two 
separated containers  used in the inflow side one for the dissolved CaCl2 and the 
Figure 3. 5 sensitive balance used in weighting chemicals 
Figure 3. 6 Pumps used in the experiments conducting 
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other  for NaHCO3  "Na2CO3" . while in the outflow side there was only one 
container  used to contain the two mixed solution  
 
 
 
 
 
 
 
 
 
 
 
 Sample handler  
 Samples , Three plastic samples used . with a volume each of, 2.945 * 10^-4 m3  
 
 
 
 
 
 
 
 
Figure 3. 7 A glass reservior used to contains the in/out flows 
Figure 3. 8 Displays the samples used in the testing process 
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 Electrical Battery  connected to the pump and the timer 
 
 
 
 
 
 
 
 
  
 Automatic timer , the mechanism of the timer used is to regulate the intervals of 
injections and the retention time between each injection . 
 
 
 
 
 
 
 
 
 
 
The following figure shows the whole equipments  gathered to perform the chemicals test 
portion. 
Figure 3. 9 Electrical Nattery 
Figure 3. 10 Shows an automatic timer , used to 
adjust the period of times for injection and retention 
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The following figure illustrate the whole setup of the experiment used for conducting the 
seawater test portion 
.  
Figure 3. 12 Displays the set-up of the experiment for the seawater test 
 
 
 
 
 
 
 
Figure 3. 11 Displays the set-up of the experiment for the chemicals test 
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3.4  Materials 
 
Another important consideration to be accounted for , is the material " Raw  material " 
needed to conduct the various portions of the experiment . 
 
In the portion of conducting the chemical precipitation portion , a set of material were 
ready and their proportions , these material includes , CaCl2     , NaHCO3  , Na2CO3  , Sand, 
Well graded aggregate , Filter sheets , And water used as a dissolvent of the chemicals to be 
used .However , these materials has to e carefully measured accordance to the specified 
earlier chemical proportions in Ch-3 , these proportions are as follow : 
 1mole of NaHCO3  =   86 g 
 1 mole of CaCl2     =   111 g 
 
 
 
 
 
 
 
 
In the seawater portion a 
main raw material is used , and it was the Seawater , in addition to Sand and Aggregate 
specified before . Note that the quantity of seawater used to conduct this part of  topic is 
about 340 litters , used to be injected 285 times in the sample . 
 
Moreover, the large number of injections performed based on the studies that analyzed the 
CaCO3, content of seawater , and founded that the concentration of CaCO3, in seawater 
approximately 0.1 M , So that the previous part of the topic test  tries to simulate the 
seawater chemistry by mixing the chemicals in concentrations that result an approximate 
quantity of CaCO3, to that in the seawater.  
 
Another part of the topic were performed , that is , observing the behavior of the CaCO3, 
precipitation on both aggregate and concrete stone . This part material's composed of " 
Figure 3. 13 Chemicals used in the experiment 
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CaCl2,NaHCO3, and Water " , these materials were blended together in one container with 
a specified  concentration . 
3.5 Specimens characteristics  
 
Two specimens used to conduct the experiment in this study , The specimen were equal in 
shape " cylinder " with an inner diameter of 5cm each , And the height is varies from 15cm 
to 17 , However , the calculation based on the average height and its taken to be 16 cm for 
each specimen . Both ends are serrated for 3cm length and a plastic nut directly fit in to 
close the specimen well , also a filter sheet has to be placed into the nut before closing , and 
the nuts have a holes that the tubes can directly connected to the specimen in order to in/out 
the fluids injected . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. 14 Testing specimen 
  
63 
3.6 Specimen  preparation 
 
As explained in  previous sections ,the process  for  delivering the mixed chemicals fluid  
was  a so called  pump and mix process  which  appeared to be  the most efficient one  due 
to the importance of  the time,  between the  mixing of the fluids and the injection outlet, 
being  as short as possible. The pumping system was first calibrated before connecting it to 
the spear to make sure the correct pressure and flow rate existed 
 
Two specimens  used , with the characteristics mentioned above , One to conduct the 
chemical precipitation part and the other one used to conduct the seawater precipitation 
.However, the samples were prepared as follow : 
The sample contains proportions as follow : 60% aggregate 
                                                                : 40% sand  
The specimen  were filled to its full volume by layers , each layer weighted 100 g " 60g 
Agg, and 40g Sand " , with an each layer a compaction method employed to get a cohesive 
mixture . The process continue till filling the whole volume of the specimen , then closing 
well the specimen and connect the tubes at both ends . Finally hanging the sample as shown 
in the following figure . 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. 15 A Well prepared sample specimen set-up , 
connected to  experiment body 
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Note that , the specimens weights is as follow  
 
 Chemicals specimen  
 
 Empty weight = 335 g 
 Content weight =  670 g ( 60% Agg , 40% sand) 
 Saturated weight =  1045 g 
 
 Seawater specimen  
 
 Empty weight = 340 g 
 Content weight = 700 g ( 60% Agg , 40% sand) 
 Saturated weight =  1155 g  
 
3.7  Testing 
   
In this section , the testing process is the main objective to be achieved and the mechanism 
followed for testing is a quiet easy to perform . Firstly, as mentioned in section 1.4 which 
discuss the design of the experiment device body , the body of the experiment pieces are 
discussed in the previous sections . But a question remains of how the test machine works ? 
. The answer is easy , is that the electric source is connected to a timer that adjust the 
amount of running/stopping times , the timer and the electric source is also connected to a 
hydraulic pump that is directly connected to the specimen through a tube , the pump main 
purpose were discussed above  , after all the pieces of the experiment body are gathered and 
properly suited , Then the test ran for several times as indicated tables below.    
 
3.7.1 Testing of chemicals specimen 
 
 The testing process for this portion starts at the date of 5th/Oct/2016 , and ends at 15th / Oct 
/2016 
 The pump efficiency is 2. 1 L/Min 
 
The main chemical formula applied is as follow  
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→                  
 
In other words , to get 0.1 Mole of precipitated CaCo3 . A 0.1 Mole of CaCl2 has to react 
with 0.2 Mole of NaHCO3 .  
Table 3. 1 Shows the testing process for the chemicals part 
Trial # Start 
Date 
End 
Date 
CaCl2 
(g) 
NaHCo3
(g) 
Water  
(L/ conta,) 
Injectio
n time 
Retentio
n Time 
# 
Injections 
#1 5
th
 /Oct 6
th
 /Oct 40.5 63 3.65 1 min 1 hour 9  
#2 6
th
 / Oct 10
th
 /Oct 133.2 206.4 12 1min 2 hours 40 
#3 11
th
 /Oct 15
th
 / Oct 133.2 206.4 12 – 3L 
remains 
2 min 2 hours 60  
Total 15 Days  306.9 475.8 24.65 L 
/cont, 
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Note that the test take 10 days to finish and obtain results , The distinguishing factor that 
determine if the specimen is ready or not , is the permeability index , Moreover , For every 
trial there is a permeability curve shown in details  the next chapter  
 
3.7.2 Testing of seawater specimen  
 
A calculation based on the content of CaCO3, in seawater has been made to this part and 
indicates that , This part takes 280 to 290 injections of seawater to the hanged specimen , 
on a varied intervals of injections and retention times . The following steps illustrate the 
mechanism followed to perform this part of the study .  
 
 The testing process for this portion starts at the date of 6th/Dec/2016 , and ends at 30th / Dec 
/2016 
 The testing period was 24 days to perform 290 injections  
 The pump efficiency is 3.1 L/min 
 
 Total amount of seawater consumed = 280 litters  
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Table 3. 2 Shows the testing process for the seawater part 
Trial # # Injections Run Time Retention time S.W Consumed 
1 25 1 min 1 hour 52 L 
2 29 1min 1.5 hour 60 L 
3 40 1 min 2 hour 78 L 
4 50 30 sec 1 hour 35 L 
5 35 25 sec 1 hour 17 L 
6 30 20 sec 1 hour 13 L  
7 40 15 sec 1 hour 11 L  
8 31 10 sec 1 hour 7 L 
9 10 5 sec 1 hour 2 L 
Total  290 Inj,   275 L 
 
 
Note that the test take 24 days to finish and obtain results , The distinguishing factor that 
determine if the specimen is ready or not , is the permeability index , Moreover , For every 
trial there is a permeability curve shown in details  the next chapter. 
 
3.7.3  Immersing concrete stone and aggregate into chemical solution   
 
Another simple and quick test were performed , on the concrete stone and the aggregate , 
the main objective of this test is to observe the behavior of the precipitation on the 
immersed sample. In this portion of experiment ,  a container that contain the mixed 
chemicals "CaCl2 and NaHCO3" and a hanger that hangs the aggregate and concrete stone . 
are to be used to perform this portion of the experiment , However , this part only study the 
behavior of the precipitation of CaCO3, on the surfaces of both aggregate and concrete 
stone that immersed fully in the solution . 
 
 This test took 3 days to obtain results , the testing process is easy to conduct it performed 
in a container that contains the dissolved chemicals " CaCl2 & NaHCO3" , the solution were 
prepared as follow :  
 Amount of water = 4 Litter 
 Amount of CaCl2 = 0.1 Mole = 44.4 g 
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 Amount of NaHCO3= 0.2 Mole = 68.8 g  
Then the mixture is mixed properly for 5 minutes to get a consistent homogenous solution , 
after that the sample specimens were hanged and fully immersed into the solution , A daily 
observation performed to study the precipitation distribution on the specimens surfaces.    
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Chapter  4 
Results and Discussion 
 
4.1 results 
 
In this section , we will reveal the results obtained from the various portions of this study . 
 
4.1.1 Result obtained from  Chemicals specimen 
 
After the specimen reaches zero permeability , the soil specimen is being extracted and 
inspected willingly for several points of consideration  , The figure 4.1 shows the cemented 
sample before extracting  
 
 
Figure 4. 1  
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The extracted sample underwent  a calculations to calculate precipitated weight of CaCO3, 
into its volume , and formula applied to calculate such weight is as follow : 
                      ( ) 
 
Where : 
               = The precipitated weight of CaCO3, 
             =  The weight of the specimen at zero permeability 
               = Weight of the specimen at the saturation state  
 
By applying Eq, (1) we found that ,  
   = 1158 – 1045 = 113 g 
 
In other words , the precipitated weight of CaCO3, is 113 g into the specimen volume 
which represents a 10.8 % of the saturated weight of the soil specimen . 
The following figures shows the extracted sample and the crystal distribution a cross the 
specimen volume . 
 
 
Figure 4. 2 the extracted soil specimen 
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The readiness of the specimen is determined by the distinguishing indicator, which is the 
permeability , and the following general chart (C-1)* demonstrates  the relation between 
the injection time "X-Axis" and the outflow "Y-Axis" ,resulting in the calculation the 
permeability index by the following equation : 
  
Permeability index (  ) = 
              (   )
       ( )
             
 
                       
Figure 4. 3 Shows the crystal growth and distribution across the volume of the soil specimen 
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*The gab shown in chart (C-1) is caused due to the differentiation between the injection 
times of chemical solution  and so does retention times, explained in the following  charts . 
 
 
 
 
C-1.1 is a curve for 9 chemicals injections, with retention time and injection time of 1 min 
and 1hour respectively . The observed curve is descending from 0.9 L/min outflow as a 
starting point of this portion of experiment till reaches nearly 0.76 L/min outflow . In other 
words the curve indicate a rapid  CaCO3, crystals formation , this formation is translated as 
an obstacle for fluid to pass throughout the specimen volume  
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C-1.2 is a curve for 40 chemicals injections, with retention time and injection time of 1 min 
and 2hour respectively . The observed curve is descending slowly to appear as a linear 
descending, By continuing the process to injection. Firstly a retention time of 12 hours after 
finishes C-1.1, is being giving to the specimen, this explains the drop of outflow from 0.76 
L/min to be 0.72  L/min at the start of this curve . Giving a closer look to the curve , it 
shows that the permeability of the specimen volume is getting decreases gradually with an 
initial outflow of 0.72 L/min till it reached 0.46 L/min at the end of this part. In other words 
the curve indicate a moderate  CaCO3, crystals formation , this formation is translated as an 
obstacle for fluid to pass throughout the specimen volume 
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C-1.3 is a curve for 60 chemicals injections, with retention time and injection time of 2 min 
and 2hour respectively . The observed curve is descending slowly to appear as a linear 
descending, By continuing the process to injection. It's initial outflow was nearly 0.65 
L/2hr till it reached Zero outflow . Giving a closer look to the curve , it shows that the 
permeability of the specimen volume is getting decreases gradually. . This continuously 
crystals size growth  act as a bonding material between specimen fillers particles leading to 
narrowing the voids between particles, which influence the ability of fluid velocity to get 
out of the specimen so does decreasing the quantity of fluid that passes through the 
specimen . In other words the curve indicate a moderate and reasonable  CaCO3, crystals 
formation , this formation is translated as an obstacle for fluid to pass throughout the 
specimen volume 
 
4.1.2 Result obtained from  Seawater specimen 
 
The results obtained from this part of test is similar to those collected from the previous 
part , But as we know that the concentration of the CaCO3, in the seawater is slightly small 
, for that the weight obtained after 280 injection times is less than the weight obtained from 
the chemical part , By applying Eq (1), once again we get : 
 
   = 1211 – 1155 = 56 g 
 
In other words , the precipitated weight of CaCO3, is 56 g into the specimen volume which 
represents a 4.8 % of the saturated weight of the soil specimen . 
 
The following figure shows the extracted sample specimen  
 
  
74 
 
Figure 4. 4 extracted sample seawater  specimen 
 
Giving a closer look to the results obtained , the theoretical assumption is confirmed , we 
expected that the amount of the precipitated CaCO3, from the seawater will be less than the 
precipitated CaCO3, from the induced chemicals . 
The following figure shows and the crystal distribution a cross the specimen volume . 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. 5 shows and the soil particles distribution in the seawater soil specimen 
  
75 
The readiness of the specimen is determined by the distinguishing indicator, which is the 
permeability , and the following general chart (C-2)* demonstrates  the relation between 
the injection time "X-Axis" and the outflow "Y-Axis" ,resulting in the calculation the 
permeability index by the following equation : 
 
Permeability index (  ) = 
              (   )
       ( )
                  
 
 Note that, The following curve C-2 in the next page shows the over whole  seawater 
injection process and the final outcomes of this curve is fully illustrated in the upcoming 
charts . Also it's obvious that a linear descending  at a certain intervals of the injection 
process . 
By giving a closer look to the curves below an obvious observation is taking a place , that is 
the outflow L/min is considered to be larger than those obtained from the chemicals test , 
the logical explanation to such  case is that the pump efficiency in both tests were different 
, we intentionally used two different pumps to perform the tests because each test has its 
own injection characteristics . However , the efficiency of each pump and the outflow 
quantities are indicated in previous sections of this thesis.  
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*The gab shown in chart (C-2) is caused due to the differentiation between the injection 
times of seawater and so does retention times, explained in the following  charts (C-
2.1,2,3….8) . 
 
C2.1 is a curve of the outcomes of 25 times injections at intervals of 5 injections per 
intersection, the X-axis represents the number of injections and the retention time between 
each injection was 1 Hour and the Y-axis represents the outflows obtained from each 
injection  , the curve shows a slight descending regarding to the outflows obtained , also it's 
shown that this curve outflow started at 2.1 L/min and finished at 2.091 L/min . This means 
that the crystals formation or precipitation is at very slow rate . 
 
 
C2.2 is a curve of the outcomes of 29 times injections at intervals of 5 injections per 
intersection, the X-axis represents the number of injections and the retention time between 
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each injection was 1.5 Hour and the Y-axis represents the outflows obtained from each 
injection , the curve shows a slight descending tends to be called a linear descending  
regarding to the outflows obtained , also it's shown that this curve outflow started at 
2.091L/min and finished at 2.0681 L/min . This means that the crystals formation or 
precipitation is at very slow rate . place  
 
C2.3 is a curve of the outcomes of 40 times injections at intervals of 5 injections per 
intersection, the X-axis represents the number of injections and the retention time between 
each injection was 2 Hour and the Y-axis represents the outflows obtained from each 
injection , the curve shows a slight descending tends to be called a linear descending  
regarding to the outflows obtained , also it's shown that this curve outflow started at  2.0681 
L/min and finished at 2.02 L/min . This means that the crystals formation or precipitation is 
at very slow rate . place  
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C2.4 is a curve of the outcomes of 50 times injections at intervals of 5 injections per 
intersection, the X-axis represents the number of injections and the retention time between 
each injection was 1 Hour and the Y-axis represents the outflows obtained from each 
injection. Note that the injection time was 0.5 min and the outflows are all for this period of 
injection , the curve shows a slight descending tends to be called a linear descending  
regarding to the outflows obtained , also it's shown that this curve outflow started at  1.01 
L/0.5min and finished at 0.84 L/0.5min . This means that the crystals formation or 
precipitation is at very slow rate . place  
 
 
 
C2.5 is a curve of the outcomes of 35 times injections at intervals of 5 injections per 
intersection, the X-axis represents the number of injections and the retention time between 
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each injection was 1 Hour and the Y-axis represents the outflows obtained from each 
injection. Note that the injection time was 25 Sec, and the outflows are all for this period of 
injection , the curve shows a slight descending tends to be called a linear descending  
regarding to the outflows obtained , also it's shown that this curve outflow started at  0.715 
L/25 Sec and finished at 0.625 L/25 Sec . This means that the crystals formation or 
precipitation is at very slow rate . place  
 
 
C2.6 is a curve of the outcomes of 30 times injections at intervals of 5 injections per 
intersection, the X-axis represents the number of injections and the retention time between 
each injection was 1 Hour and the Y-axis represents the outflows obtained from each 
injection. Note that the injection time was 20 Sec, and the outflows are all for this period of 
injection , the curve shows a slight descending tends to be called a linear descending  
regarding to the outflows obtained , also it's shown that this curve outflow started at  0.497 
L/20 Sec and finished at 0.463 L/20 Sec . This means that the crystals formation or 
precipitation is at very slow rate . place  
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C2.7 is a curve of the outcomes of 40 times injections at intervals of 5 injections per 
intersection, the X-axis represents the number of injections and the retention time between 
each injection was 1 Hour and the Y-axis represents the outflows obtained from each 
injection. Note that the injection time was 15 Sec, and the outflows are all for this period of 
injection , the curve shows a slight descending tends to be called a linear descending  
regarding to the outflows obtained , also it's shown that this curve outflow started at  0.345 
L/15 Sec and finished at 0.31 L/15 Sec . This means that the crystals formation or 
precipitation is at very slow rate . place  
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C2.8 is a combined curve of two injections processes the first one is 31 injections for 10 sec 
injection time and the second one is for 10 injection times for 5 seconds . The first one is 
represented by the first 6 intersections on the curve shown , and the second one is 
represented by the last two intersection points on the curve.  
 
The process of formulating such a curve which combined two different results is that the 
outflows obtained from the 5 second injection is being multiplied by a factor of 2 to equal 
the results to those obtained from the 10 seconds injections  
 
 The X-axis represents the number of injections and the retention time between each 
injection was 1 Hour and the Y-axis represents the outflows obtained from each injection. 
Note that the injection time was 10 and 5 Sec, and the outflows are all for this period of 
injection , the curve shows a slight descending tends to be called a linear descending  
regarding to the outflows obtained , also  for the first portion of the curve at 10 sec injection 
time it's shown that this curve outflows started at  0.2 L/10 Sec and finished at 0.185 L/10 
Sec .  and for the second portion of 5 sec injection it's shown that this curve outflows 
started at 0.092 L/5 Sec and finished at 0.091 L/5 Sec This means that the crystals 
formation or precipitation is at very slow rate . place  
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4.1.3 Results obtained from the immersed concrete stone and aggregate samples  
 
The result of this portion shows that the alkalinity of the concrete stone plays a major role 
on the accumulation process of the precipitations , the results confirms that the amount of 
precipitated CaCO3, on the concrete stone is more than that precipitated on aggregate 
surfaces , The following figure illustrate the differences and distribution behavior of the 
crystals . 
 
Figure 4. 6 To the left concrete stone , to the right aggregate , and the precipitated CaCo3 on both surfaces . 
 
Figure 4. 7 shows a combined image for both samples surfaces 
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4.2 Discussion  
 
The outcome of the laboratory  tests turned out somewhat differently in results from those 
was expected depending on the type of test performed . The injected tests proved to be 
more successful due to the clear  increase in strength and stiffness created be the 
cementation of the soil particles. However, the strength anticipated hasn't been reached due 
to the high decrease of the permeability because of the high concentration of chemicals 
used as a dissolvent solution  
Referring to (figure 4.1) of the chemical test specimen which had been mixed and refilled 
into specimens and kept closed without  the  influence  of  surrounding environment.  This  
was  a rather disappointing discovery at the time, but at the same time as this establishment 
was made another interesting finding was revealed. At the point where the injection fluid 
had been driven down,  Fluid  injected  and  a  possible  soil  fracture  occurred  leading  the  
chemical  fluid  back  up  to  the  surface  covering  the specimen cross section.  This  area  
was  just  left  covered  with    Fluid  and  no  further  thoughts  or intentions were 
formulated at the time of injection. Later, during the follow up injections till no further 
outflow , a 35 millimeter thick crust was discovered at this location (Figure 4.2). This crust 
was cemented through  solidified CaCO3, penetrating down into the top layer of sand. More 
interesting is that this surface is might therefore  have adjusted to the equilibrium in the 
ground,  possible  resulting in higher activity causing the calcite crystals to precipitate and 
bond the particles (Figure 4.3). As mentioned earlier the inconsistency in solidify in the 
extracted sample was because of the high drop of the permeability with each injection ,  
which led to the soil friction to increase rapidly , Hence, a clocking took a place in the 
sample and no further fluid could pass throughout while there is a considerably large 
portion of the sample remains uncloaked, this illustrate the fact that the high concentration 
used to perform the experiment were too high and it affected the permeability to drop 
quickly and the friction between soils particles to increase rabidly .  
Another  possible  explanation  to  the lack  of  strength increase in both the  chemicals and 
seawater (Figure 4.4)  tests  might  be the  higher  viscosity  of  the  injected fluid.  As  
soon  as  the  two  components  of  the  injection  fluid  are  mixed  together the viscosity 
starts to climb. Mixing this fluid with sand could result in the difficulties for the  sand  
particles  to  position  themselves  close  enough  to  each  in  order  to  build  strength  
through  cementation (Figure 4.5).  The  higher  viscosity  will  have  the  effect  of  
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holding  the  particles  apart  making  the  distance too large for the calcite crystals to bond 
two soil particles. 
Although the results, especially from both tests have been  somewhat deviant from the  
expectations, the final result was still positive where an increase in strength clearly was 
attained in the  injected soil volumes (Figure 4.1 & 4.5). The increase in strength from the 
injected cylinder specimens  was experienced to be at least  as high as the expected 
theoretical  increase in strength displayed in the laboratory tests. This  strength increase 
could be an indication of the  positive  potential  in such a way  that the calcite precipitation 
allows creating the sought after bond between the soil particles. 
Referring to (figures 4.6 and 4.7 ) they shows the precipitation process of the CaCO3, 
precipitation on both concrete stone and aggregate surfaces . The process of obtaining such 
precipitation is as known that the CaCO3, does have a 5 forms of formation two of them are 
acquis which means that they are dissolvent in water and the other three phases are solid 
phases , but still the Calcite which obtained in the figures is the hardest of them all , And 
thus , due to differentiation of both samples characteristics the formation of the 
precipitation is founded to be more on the concrete stone because of it higher alkalinity 
than the aggregate stone . But a question remains , on what PH value does each phase of the 
CaCO3, take a place and what time does each phase takes to be formed adequately ? , The 
answer to these question depends on a sensitive measurement of the initial PH value of the 
solution then a periodic observations has to be made at known intervals to measure the PH 
value and determine which phase dis toke a place . 
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Chapter  5 
Conclusion and Recommendations 
 
This new method/technology using CaCO3, precipitation is  very interesting with great 
potentials if the difficulties can  be overcome and uncertainties clarified. It is no doubt 
about the results derived from laboratory  testing‘s  have  produces an increases in strength. 
An  increase in strength large enough for either  temporary  construction  where  only  a  
rather  low  strength  is  needed  or  more  permanent  foundation  where higher increase in 
strength are required can both be achieved. 
 
Drawing  parallels  to  the  laboratory  testing  where  the  samples  exhibited  a  
relationship  between  increase in strength and the time left exposed to air it can be assumed 
that the strength increase in -situ  will not reach levels equivalent to those of a fully dried 
laboratory sample. This assumption is based  on the fact that the  treated in-situ soil will 
adjust towards the natural water content equilibrium of the  chosen location, for this case 
around 6  %.  This  could be compared to a laboratory sample which has  not fully dried 
which  displayed  a lower strength increase.  A way around this problem could be either  to 
flush the treated soil volume with water after 24 hours to displace the spent fluid. Another 
solution could be to invert the pump and suck the spent fluid and some surrounding ground 
water out of the treated  soil  volume.  This  would  also  be  carried  out  after  the  
precipitation  of  calcite  crystals  are  assumed to have taken place (around 24 hours). 
 
When  this  process  of  using  both chemicals and seawater   has  been  developed  further  
for  the current  conditions  and  the  uncertainties  evolving  the  chemical  process  of  
achieving  the  strength  increase  in-situ  has  been  untangled it can be stated that the raw 
chemical price is low. Since  there  is  no  large  machinery  needed  or  high  usage  of  
energy  the  establishment costs will be assumed to be rather low in comparison to present 
soil stabilizing methods  which requires large and expensive machinery. This method will 
require a relatively small pumping  system including a compressor which can deliver very 
low pressures and flow rates which will keep  the cost low. 
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5.1 Possible applications with soil solidification using CaCO3 precipitation 
 
The  application  areas where CaCO3, precipitation can be applied can be numerous 
depending on soil conditions and  the creative ability of various constructing engineers. A 
bullet point list are  presented below outlining a few different areas of application where the 
CaCO3, precipitation  possibly could be useful  and of financial benefit. An increase in 
bearing capacity/strength is achieved through cementation of  the sand grains blended with 
well graded aggregate ,  allowing different construction  components to utilize the more 
profitable capacity of  the soil. 
Liquefaction – due to the permeable characteristics of CaCO3, treated soil it is suitable to 
apply in order  to prevent liquefaction (Lithic Technology, 2012) The main objective of 
stabilization in such application is to reduce pore water pressures, to increase the shear 
strength of the soils that could liquefy (EuroSoilStab, 2002a) and or to minimize the 
propagation of waves in the super-and substructure of the infrastructure systems, 
 
 
 
 
 
 
 
 
Friction  piles and building foundations   –  an increase in  bearing  capacity  of  the  
piles  are  achieved  due  to the increased  skin  friction which is a result of the expansion of 
the effective area of the pile (Price, 2012). 
Stabilization of existing pipes which suffers from settlements – Existing pipes which are 
the subject  for ongoing negative settlement can be stabilized through injections and 
precipitation of CaCO3, around the critical area.  This  would  terminate  the  need  for  
Figure 5. 1 1 Example of panel in liquefaction mitigation using 
chemical precipitation techniques in soil (EuroSoilStab, 2002b) 
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exposing  the  pipe  through  excavation  in  order  to  perform  stabilizing measures (Price, 
2012). 
 
 
 
 
 
 
 
 
 
 
 
Building material for restoration of historical monuments and buildings  –  Jroundi et 
al. (2010)  explains that a lot of the worlds heritage listed buildings are build out of 
carbonate stones. These  stones;  especially  marble  and  limestone  are  particularly  
vulnerable  to  physical  erosion,  chemical  weathering (pollution) and bio-deterioration 
(macro- and microorganisms) which leads to the cultural  and historical heritage being at 
risk (Jroundi et al. 2010). Therefore the  opportunity of creating these  stones ex-situ for 
restoration of historical buildings has emerged.  It is also possible to apply CaCO3, 
precipitation by  spraying  straight  onto  the  facade  of  a  building  or  monument  in  
order  to  prevent  further  erosion/degradation.  This  preservation  would  take  place  
through  the  strengthening  of  the  existing  bonds of the sediments in the already existing 
stone. 
 
 
 
Figure 5. 2 Possible application of CaCo3 precipitation method in building 
foundations (Nozu, 2005) 
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This method compared to other methods of soil stabilization / solidification  has the 
following main advantages: 
- economic and flexible 
- saving of materials and energy 
- rapidity in improved engineering properties of the soil 
- can be flexible linked with other structures and with the surroundings (no harmful  
settlement differences) 
5.2 Further studies 
 
There are a number of different topics that needs further study and research in order to 
accomplish a  method suitable for ground reinforcement soils, or soil which does not 
completely dry  out. 
 The  first  major  question  which  needs  assessment  is  why  the  strength  increase  
occurs  and  what  is affecting  the  cementation  in  a  negative  manner.  Does  the  
strength  increase  occur  due  to  effects  of  oxygen or does it arise as a consequence of the 
departure of the spent fluid from the sample. When this  is established a better 
understanding will be reached for the in-situ behavior of the CaCO3,  precipitation system.  
 In order to simulate the in-situ conditions of the soils it would be interesting to carry out  a 
laboratory evaluation where the spent fluid in the samples got displaced by water and 
thereafter dried  to  the  point  where  they  reaches  the  real  natural  water  content  
measured  in -situ.  The  unconfined  compression  strength  tests  would  be  carried  out  
on  samples  in  a  somewhat  moist  condition.  The  assumption would be that less strength 
is build compared to samples which has been left to dry fully. 
Since evidence are pointing towards that if spent fluid is left in the sample it has an 
inhibiting affect on  the strength increase in the sand,  therefore a  need for a  in depth  
study of this fluid  has emerged.  The  reason behind the inhibiting chemical effect of the 
spent fluid needs to be mapped out and understood.  When  this  is  established  it  will  be  
easier  to  design  a  field  application  method  which  targets  moist  ground conditions. 
Also, due to strict environmental regulations and protection of ground water reservoirs in 
Gaza it is  important to establish the natural effects of the spent fluid containing some 
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ammonium chloride.   In  what  concentrations  is  this  fluid  and  what  levels  can  be  
tolerated  ? This spent fluid might also have a positive environmental effect of 
encapsulating  previous contaminations in the ground, or work as a fertilizer. This are also 
questions which has risen  during these evaluations.  
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5.4 Conclusion 
 
A noticeable result is that the strength desired  haven't been achieved due to the 
concentrations were used both from the chemical treatment part and so does from the 
seawater part, from the first part of the tests we conclude that the high concentrations of 
chemicals used affected the sample permeability to be rabidly dropped and the soil friction 
to be increase quickly with every injection and retention, that led to jeopardizes the strength 
and stiffness to be achieved correctly. On the other hand , in the seawater part, the low 
concentration content of CaCO3, does affect the permeability to decrease in a very slow rate 
with no gaining of strength and stiffness, this would've taken much injections and retention 
to attain the results perfectly. And to alter the strength and so does the stiffness into more 
preferable outcomes.  
However,  the results of this thesis shows a promising approaches leads to a better calcium 
carbonate precipitation combined with a slight modifications upon the concentrations, 
which does influence the rate of precipitation and the crystals size. 
In conclusion, Humanity cannot fight the fact that we are using too much energy, making 
the world less sustainable  compared to what it could be with smarter solutions and wiser 
methods. Humanity simply needs to  embrace the fact that we need to reduce our 
environmental footprint by doing everything in our power  to make the world a better and 
more sustainable place for the future. This is why CaCO3,precipitation using seawater and 
chemicals  could be one  small little step forward to the reduction of energy consumptions 
in some sectors. Although, it will not  become  a  huge  energy  revolution,  but  it  will  
defiantly  lead  the  way  forward  through  introducing  nature‘s own processes in creating 
materials into the built environment of mankind. 
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5.3 Recommendations  
 
For attaining better results and for more enhancement of the present once we got , we 
recommend that to use at least 10% of the crushed concrete powder as a replacement of 
sand in the specimen mixture. And to use a reactant chemicals(CaCl2 and Na2CO3)  rather 
than those were used(CaCl2 and NaH2CO3), This would increase the alkalinity of the 
mixture giving a preferable medium for the precipitation to occur more effectively , As a 
matter of fact this test was planned for it to take a place in this thesis , but for the lack of 
time and some highly expensive measurements equipments and chemical resources  , that‘s 
why we did not perform this test portion .This would bring out a good results than those 
were performed in this thesis  
Also, the concentration of chemical solutions was noticed to have substantial effect on the 
size of the calcium carbonate crystals, treatment with low concentrations solutions was 
found to induce small calcium carbonate crystals that are uniformly distributed on the 
surface of soil particles. Calcium carbonate crystals grow to larger sizes by treatment with 
higher concentrations with a non-uniform distribution over the surface of the soil particles. 
These findings have significant implications for the developments of soil characteristics 
using CaCO3,  precipitation. Its believed that the heterogeneous precipitation associated 
with high concentrations chemical treatment causes localized clogging, the sample. 
Moreover, the UCS (Un-Confined Strength) for the samples treated with high 
concentrations came up notably lower than the ones treated with low concentrations at the 
same calcite content. This was ascribed to the heterogeneous distribution of calcium 
carbonate that possibly reduced the effective binding precipitation.    
Accordingly, It was possible to recommend retention times for every concentration of the 
solutions in order to achieve the  maximum precipitation efficiency. In general, the study 
recommend the use a low concentrations and avoided the use of high concentrations of 
chemical solution in order to avoid the clocking which resulted in highly dropping of 
permeability and due to rapid increase of the soils particles friction . Also, for the seawater 
which it does have a very low concentration of CaCO3, content , an enough injections and 
retentions is being recommended to let the crystals to grow and to conglomerates, this 
would present an alteration of stiffness and strength in a desirable outcomes.   
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